Aims: To evaluate the injection success and user perception of a shield-triggered pen-injector mechanism.
the needle into the skin, users must fully depress the dose button and wait for several seconds after the end-of-dose click or until the dose counter has returned to zero before withdrawing the needle from the skin. Issues associated with most pen-injectors include difficulty depressing the extended-dose button, especially among young patients or patients with impaired manual dexterity, strength or nerve function, 9, 10 and premature needle withdrawal, leading to underdelivery of dose. 11, 12 DV3316 is a prototype multiple-use pen-injector with a shieldtriggered injection mechanism developed by Novo Nordisk A/S. The aim of the new injection mechanism is to simplify insulin delivery and improve user experience compared with other available pen-injectors.
The needle mounted on the DV3316 is covered by a shield, which triggers dose activation when pushed against the skin, and thus eliminates the need for the user to depress an extended-dose button ( Figure 1 ). Additional features of DV3316 mean that users are not required to perform initial priming or "air shots" before injection, and there is no waiting time after the dose counter has returned to zero.
Before injection, the dose is dialled into the prototype using a dose counter, in a similar manner to FlexPen.
The aim of the present randomized controlled trial was to evaluate injection success with a shield-triggered prototype pen-injector compared with FlexPen, and to assess how injection-experienced patients with diabetes perceive the new mechanism.
| MATERIALS AND METHODS

| Study design and participants
This study was an exploratory, two-centre, one-visit, open-label, randomized trial conducted in Germany in patients with diabetes (ClinicalTrials.gov NCT02627287). The study consisted of a 1-day visit, during which each participant performed injections with both DV3316 and FlexPen. All participants signed informed consent forms prior to any study-related activities. The study was approved by a local ethics committee (Ärztekammer Nordrhein, Ethikkommission, Düsseldorf, Germany) and was conducted in accordance with the Declaration of Helsinki and International Conference on Harmonization Good Clinical Practice.
The study population consisted of white men and women aged 18 to 74 years, with a diagnosis of T1D or T2D for at least 12 months, and self-injection experience with daily antidiabetic drugs (including insulin) administered via pen-injector or vial and syringe.
FIGURE 1
Injection procedure with A, DV3316 and B, FlexPen. DV3316 has a shield concealing the needle. After setting the dose using the dose counter, users are required to press the shield against the skin to trigger the dose delivery mechanism. There is no need to wait after the dose counter has returned to zero. FlexPen users set the required dose using the extending dose button. After inserting the needle into the skin, users are required to fully depress the dose button to deliver the insulin dose and wait for 6 seconds after the "end-of-dose" click before withdrawing the needle Participants were required to have normal vision (with or without correction) to a point where the participant was able to read the letters in a newspaper or device instructions. Exclusion criteria included:
known or suspected hypersensitivity to placebo solution or related products; known urticaria factitia or abnormal reactions to mechanical trauma; haemophilia and any diseases affecting blood coagulation;
anti-coagulant or inhibitors of platelet aggregation treatment within the last month; intake of any pain-relieving or analgesic drugs on the day of the site visit; self-reported intake of alcohol within the last 24 hours or a positive result of alcohol breath test; lipodystrophy, skin diseases or infections of the skin in the injection site areas; and severe neuropathy.
| Study procedures
Subcutaneous injections were performed with a 3-mL prototype 
| Randomization
The sequence of pen-injector (DV3316 or FlexPen), body region (abdomen or thigh), body side (left or right) and volume was varied according to randomization procedures. Not all conceivable sequences were permissible. A pre-selected set of 320 sequences was generated beforehand and each participant was randomly assigned a sequence at randomization.
| Assessments
The primary endpoint of the study was injection success, as evaluated on a yes/no basis by the investigator. For DV3316, an injection was defined as successful if the dose counter returned to zero before removing the needle from the skin. For FlexPen, an injection was defined as successful if the needle was held in the skin for at least 6 seconds after the dose counter reached zero, according to the instructions for use.
Reaction time, the time from end-of-dose click until the peninjector was removed from the injection site, was determined for DV3316. The time was measured between two distinct click sounds from the dose activation mechanism using audio analysis.
Leakage at the injection site was assessed by the amount of fluid absorbed onto a filter paper 2 minutes after each injection. The size of the wet spot on the filter paper was visually compared with a leakage reference scale and roughly translated into a volume of leakage.
After each injection, participant confidence in the delivery of a full dose was assessed on a 5-point scale (1 = "not at all confident", 5 = "extremely confident"), and pain was recorded on an electronic visual analogue scale (VAS) ranging from 0 to 100 (0 = "no pain" and 100 = "pain as bad as it could be").
Participant-reported experience and preference was assessed spontaneously by the participants were to be recorded.
| Data analysis
All endpoints were analysed using descriptive statistics only. As DV3316 is an early prototype pen-injector, data associated with technical complaints were excluded from the analysis of performance endpoints assessed after each injection, but were included in the analysis of safety endpoints. No values were altered, imputed, inserted or excluded for other reasons.
The full analysis set (FAS) included all randomized participants who performed at least one injection attempt with either pen-injector. The safety analysis set (SAS) included all participants who performed at least one injection attempt with either pen-injector.
3 | RESULTS
| Baseline characteristics
Of the 169 screened participants, 150 with T1D (50.7%) or T2D
(49.3%) were randomized and exposed to both pen-injectors. All injections performed by one participant with DV3316 were associated with a technical complaint related to the dosing mechanism and were removed from the analyses of injection success, participant confidence, leakage, and pain assessed after each injection (injection success, subject confidence, and leakage: DV3316, N = 149; FlexPen, phy. All randomized participants were using pen-injectors to deliver their daily antidiabetic drugs, and 24% were currently using FlexPen (Table 1) . 
| Injection success
| Participant confidence
Overall, participants were "extremely confident" (the highest reportable score of confidence) with full dose delivery in 88% of all success- a Some participants were using more than one pen-injector device to administer their diabetes treatment.
| Pain perception
Most pain scores assessed after each injection were at the lower end of the electronic VAS scale (90th percentiles were 14 and 17 with DV3316 and FlexPen, respectively; Figure 2B ). The median pain score assessed after each injection was 3 with DV3316 and 4 with FlexPen.
The median pain score assessed after all injections were completed with each device was 4 for DV3316 and 5 for FlexPen (90th percentiles were 14 and 28 with DV3316 and FlexPen, respectively).
| Device preference questionnaires
After using each pen-injector, participants were asked to score their experience using selected questions from the TRIM-D device on "ease of learning to use," "burden of size," "burden of physical discomfort," "confidence in correct delivery of insulin dose" and "confidence in proper use" (Table 3A) . Overall, 87% of participants responded that DV3316 was either "extremely" or "very" easy to learn to use, vs 95% for FlexPen. These respondents included those currently using FlexPen. While 77% of participants were "not at all bothered" by the size of FlexPen, 44% answered the same regarding DV3316. The majority of participants were "not at all bothered" with the physical discomfort related to DV3316 (71%) or FlexPen (70%).
After all injections with DV3316, 89% of participants responded that they were either "extremely" or "very" confident the correct dose had been delivered, vs 81% for FlexPen. Overall, 87% of participants responded that they were either "extremely" or "very" confident they were using DV3316 properly compared with 95% with FlexPen.
After all injections were completed, 55% of participants stated an overall preference for DV3316 and 21% stated a preference for FlexPen (18% of participants responded "either" and 6% responded "neither" to the overall device preference questionnaire; Table 3B ). A preference for DV3316 over FlexPen was reported by both those currently using FlexPen (47% vs 28%, N = 36) and those not using FlexPen (58% vs 18%, N = 114). 
| Safety assessments and technical complaints
| DISCUSSION
In the present randomized clinical trial we assessed injection success and user perception of DV3316, a prototype, multiple-use, peninjector with a shield-triggered injection mechanism. Injection success rate with DV3316 was 97.0%. This high success rate was achieved despite the participants' unfamiliarity with the new mechanism and injection procedure, but was lower than the 99.7% success rate achieved with the widely used FlexPen pen-injector. Abbreviations: %, percentage of successful injection attempts = 100*(s/n); N, number of participants contributing to the success evaluation; n, number of injection attempts contributing to the success evaluation; s, number of injection attempts evaluated as successful. For DV3316, an injection was defined as successful if the dose counter returned to zero before removing the needle from the skin. For FlexPen, an injection was defined as successful if the needle was held in the skin for at least 6 seconds after the dose counter reached zero. All injections performed by one participant with DV3316 were associated with a technical complaint, and were removed from the analyses (DV3316, N = 149; FlexPen, N = 150).
a Ten microliters volume is equal to 1 unit of 100 units/mL insulin.
The majority of participants experienced no leakage of fluid out of the skin after successful injection with either pen-injector. With both pen-injectors, the mean volume of any leakage was small (~0.5 μL) and within an expected range. 14 It is therefore unlikely that the small volume of leakage would have a meaningful pharmacological impact in a clinical setting. Interestingly, fewer instances of leakage were experienced with DV3316 than with FlexPen. Differences in needle dwelling time between the devices may affect the number of instances of leakage. After the counter reached zero, participants were required to hold the FlexPen needle in the skin for 6 seconds, whereas participants were not required to wait with DV3316. The observed mean time between the end-of-dose click and removal of DV3316 from the injection site was 1.3 seconds; however, this value should be interpreted with caution because of technical difficulties interpreting the audio recordings of the end-of-dose clicks, especially after injection of small doses. Differences in injection pressure and activation force may also influence leakage; however, this trial was not designed to assess these factors and the reasons for this observation require further investigation.
Despite participants using the new shield-triggered mechanism for the first time, confidence in full dose delivery after each injection with DV3316 was as high as it was with FlexPen. DV3316 is an early prototype device and thus the higher number of technical complaints reported with DV3316 was not unexpected. The technical complaints may, however, have had an impact on confidence in the new injection mechanism.
FIGURE 2 A, Subject's confidence in the delivery of a correct dose was assessed after each injection using a scale from 1 to 5, where 1 was 'not at all confident' and 5 was 'extremely confident'. B, assessment of pain with DV3316 and FlexPen. The outer ends of the whiskers of the box plots represent the 10th and the 90th percentiles, respectively, and the dots represent reported visual analogue scale (VAS) scores at each end of the range. Abbreviations: N, number of participants contributing to the evaluation; n, number of injection attempts contributing to the evaluation
The majority of the technical complaints for DV3316 were related to the dosing mechanism; some were attributable to minor assembly faults, and others were ascribed to use error. Use error complaints may be attributable to the participants' unfamiliarity with the DV3316 injection mechanism, and lack of understanding of the training materials.
Pain was assessed by electronic VAS after each injection and once after all injections were completed with each pen-injector. The median pain scores were low, similar in the two electronic VAS assessments and similar between the two pen-injectors. As the same gauge and length of needle were used with both pen-injectors, this similarity in perceived pain is related to the two dosing mechanisms.
A number of injections with both pen-injectors were rated as "very painful" on the electronic VAS scale. Similarly, high ratings have been reported in a previous study of injection pain perception 14 and may depend on the location where the needle is inserted into the skin, as well as each participant's frame of reference.
Since the introduction of pen-injectors almost 30 years ago, 15 studies on patient-reported experiences and preferences, measured by questionnaires, have guided improvements in pen-injector technology. The TRIM-D device is a reliable and validated instrument used to assess treatment-related impact in people with T1D or T2D, 13, 16 and key questions from the TRIM-D device were selected for this study. Results of the questionnaires showed that participants considered DV3316 easy to learn how to use, and were confident using it to perform injections. When asked which of the two peninjectors they preferred overall, more than half of the participants preferred DV3316 to FlexPen. This highlights that participants had a positive perception of the shield-triggered mechanism. Previous design modifications aimed at improving the ease of pen-injector handling and use have had a positive impact on patient confidence and preference, especially among those with impaired manual dexterity. 10, 17, 18 In addition, the shield of the DV3316 hides the needle during injection, which in a similar manner to contact-activated figure puncture lancets, may help alleviate anxiety in some people and enhance user acceptabilty. 19 Overall, a positive perception of a new pen-injector with a shield-triggered mechanism may contribute toward enhanced treatment satisfaction and adherence in patients with diabetes. However, it should be noted that all participants enrolled in this trial had experience in injecting insulin pens and the reasons for the positive perception of DV3316 require further investigation.
No adverse events or adverse device events were observed during this study. Fewer cases of haemorrhage and erythema were This exploratory study shows that injection-experienced patients can achieve a high injection success rate with a shield-triggered peninjector. The study participants reported an overall preference for the shield-triggered mechanism compared with FlexPen, with a similar confidence in full dose delivery and perception of injection pain. 
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